I use the cross-country and time variation in the demographic structure of 11 European countries to study how changes in cohort size affect real earnings in Europe. This is an important question in the light of widespread population ageing. l find that cohort size has a negative and statistically significant effect on earnings, and that this effect is larger for the older age group -aged between 35 and 54 -than for the younger group -aged 20 to 34. I also find that earnings are more sensible to changes in cohort size in Southern Europe, which points to a lower degree of substitutability between individuals with the same education but different age. I argue that the uncovered lower substitutability in the Olive Belt of Europe is in line with the higher employment protection that its workers enjoy, at least compared to the workers located in Northern Europe.
Introduction
Europe is ageing. The decline in the birth rate as well as in the child and old age mortality rate since the 1970s have substantially changed the age structure of the EU15 population. Table 1 shows the level and the changes in cohort size, measured as the share of the population in the relevant age group to the population aged 15 to 64, for 13 European countries and two age groups, 20 to 34 and 35 to 50, between 1991 and 2004 . With the exception of the UK, the general pattern is a decline in the size of the younger age group and an increase in the size of the older age group. These percentage changes are particularly marked in Germany, The Netherlands, Austria and Belgium. Ageing affects the economy and the labor market in a number of ways. The actual and potential effects on productivity, skill development, employment and social security have attracted considerable attention, and have been reviewed by OECD, 1998 , the European Commission, 2003 , Johnson and Zimmermann, 1993 , and BoerschSupan, 2001 , among others.
The empirical investigation of the relationship between cohort size and earnings was initially motivated by the entry of the baby-boom birth cohorts in the labor market during the 1970s (see for instance Welch, 1979) . Korenman and Neumark, 2000, review the existing and largely US oriented empirical literature on this topic. Broadly, the studies on the US support the hypothesis that individuals born in large cohorts face depressed (real) earnings. Typically, demographic changes are measured by changes in the relative cohort size of an age group, say the young. Assuming that individuals born in the same age cohort are perfect substitutes, an increase in the relative cohort size of the young is expected -ceteris paribus -to deteriorate their earnings because of the higher competition they face in the labor market -a relative supply effect.
Empirical evidence on the response of real earnings to changes in demographics is scarce for European countries, mainly because of the lack of comparative data on earnings. This is unfortunate, because the well known differences in the flexibility of European and US labor markets would suggest that the response of earnings to changes in cohort size might differ substantially in the two economic areas 1 . Among the few European studies, Wright, 1991, replicates for Great Britain the approach by Welch, 1979 , and finds that -ceteris paribus -large cohorts face lower earnings, although the effect does not persist as each cohort ages.
The comparative evidence on the effects of ageing on employment and unemployment in Europe and the US is more abundant than the evidence on the effects on wages. Korenman and Neumark, 2000, and heterogeneity to a key labor market institution, the degree of employment protection.
I show that an increase in cohort size affects negatively the (real) hourly earnings of European high school and college graduates, and relate this effect to the elasticity of substitution involving workers of different age but equal educational attainment. The larger the effect, the lower the substitutability. Perhaps not surprisingly, I find that substitutability is lower within the older age group. In line with the predictions spelled out by Stapleton and Young, 1988 , I also find that college workers are less substitutable across age than high school graduates.
Perhaps more interestingly, I find that earnings respond significantly more to cohort size in Southern Europe, which points to the lower substitutability of workers in the Olive Belt of Europe. I argue that this lower substitutability can be understood once we realize that employment protection, which shelters jobs and reduces the underbidding of insiders by outsiders, is much higher along the Mediterranean Sea. One important policy implication I draw from this study is that a common demographic shock which hits Europe by reducing the cohort size of the young and by increasing the cohort size of the old -a baby bust after a baby boom -is going to tilt the age -earnings profile in favor of the young more in Southern than in Northern Europe.
The paper is organized as follows. I start in Section 1 with the theoretical setup, which clarifies why cohort size and earnings should be related. I also discuss the empirical definition of cohort size. Section 2 is devoted to the data, and Section 3 to the description of the empirical strategy. The results are presented and discussed in Section 4. Conclusions follow.
The Theoretical Setup
Consider a perfectly competitive economy where firms operate the linear where μ and ν are efficiency parameters, j is for age, and -∞<ρ<1 and -∞<η<1 measure the ease of substitution between workers of different ages for each educational level.
Letting w be the hourly real wage paid to each type of worker, and assuming that the product price is given and normalized to unity, profit maximization yields
for college graduates, and similarly for high school graduates.
Equation (4) is the demand of college graduates of age j. Labor market equilibrium requires that we characterize supply. Let relative supply A supply shift which increases the relative share of the population with the same education and age reduces the hourly wage paid to the relevant group, because it increases the competition for a given number of jobs. Shifts in the demand curve can be driven by shifts in the efficiency parameters and by variations in the relative share of college graduates over total employment. Given supply, these shifts alter the equilibrium wage for the specific age cohort.
Replacing (5) 
where the ratio ct jct P P is the cohort size for college graduates. The above expression suggests that, conditional on average labor productivity φ , on efficiency parameters and the relative supply of college graduates, the relationship between the log wage of college graduates with age j and the log cohort size ln ct jct P P is negative and larger in absolute value the smaller the elasticity of substitution between individuals with different age and the same education level. In the extreme case where individuals of different ages are perfect substitutes, ρ=1 and there is no relationship between the wage and cohort size. In this case, the wage of college graduates of age j depends solely on the relative supply of graduates, independently of their age.
To simplify the notation, let the subscript e=c, s indicate the education group the individual belongs to, and ignore for the moment the time subscript. Then the relevant literature (e.g. Welch, 1979, Card and Lemieux, 2001 ) defines the cohort size of individuals with age j and education e as . A feature of this definition is that an increase in Pje and thus in CSje can result either from an increase in the size of the age group -a pure demographic effect -or from an increase in the relative share of the education group within the same age group -a relative education effect. Hence, the estimated effect of CSje on earnings captures both the effect of demographics and the impact of educational shifts across age cohorts.
I also define the overall age cohort P P CS j j = as the weighted average of the education -specific age cohorts. An important feature of the overall age cohort is that it depends only on demographic factors, which makes it a good candidate instrument for CSje in the empirical estimates of the relationship between earnings and cohort size discussed below.
While cohort size is defined for each single age, in practice it is overly restrictive to limit labor market competition to individuals of the very same age, and it is more reasonable to assume that people compete for jobs with individuals of approximately the same age, i.e. a bit younger or older. Therefore, I follow Welch, 1979, and Berger, 1984 , and compute the size of the relevant age cohort as a moving average around the age of the individual concerned:
e j e j je e j e j je In words, the cohort size is measured by a weighted average of the size of ageeducation cohort je in the selected group, Pje, and of the size of the two adjacent age cohorts with the same education, both younger and older, with weights declining with distance from the current cohort. The idea is that the relevant age-education cohort is composed of individuals within a 5-years age range, with the age of reference having the highest weight and the adjacent ages having weights that decline with the distance from the age of reference.
As remarked by Wright, 1991, the inverted V -weights imply that the degree of substitutability between workers of different ages decline the farther away, in terms of age, the surrounding cohorts are. Wright also argues that the V weights may appear as arbitrary, but are the logical first choice in the absence of a priori information on the degree of substitutability between adjacent age cohorts 3 . 
as the weighted average of the size of age cohort j, after aggregating across education groups. The empirical definitions of cohort size used in the paper are then The data include personal weights, which are intended to make the ECHP crosssectionally representative (see the discussion in Peracchi, 2002) . These weights need to be scaled for the calculation of population aggregates. The ECHP provides for this purpose an inflation factor, equal to the ratio of actual population to the sample size. I combine the personal weights with the inflation factor to compute, for each year, total population by age and education.
The ECHP data cover the period 1994-2001 for each country belonging to EU-15.
Austria joined in 1995 and Finland in 1996. Unit non-responses and attrition rates in the ECHP are comparable with those of other longitudinal household surveys (see Peracchi, 2002 ). Nevertheless, due to small entry rates, attrition results in a reduction of the sample size that is increasing with time, and is highest in the transition from the first to the second wave (see Bassanini and Brunello, 2004) . Because of this, I exclude the first wave. I also exclude from my sample Sweden, which has no wage data.
Since cohort size CS varies by educational attainment, I need information on age and completed education. The ECHP uses the ISCED classification and distinguishes between three levels of attainment: primary and lower secondary (ISCED 0-2), upper secondary (ISCED 3) and tertiary . Because the quality of the information on education is rather poor for France and The Netherlands, I omit these two countries from my final sample 4 . Figure 1 shows the substantial heterogeneity within EU11 in educational attainment, with Northern countries having a very low share of poorly educated individuals, compared to the South of Europe. Given the common trend toward higher education in Europe, in the empirical analysis I shall focus my attention only on high school and college graduates.
I select male individuals -both employed and unemployed -aged between 20 and 50 and identify cohort with age, as explained in the previous section. As in Wright, I consider only males to avoid the selection problems associated to intermittent female labour force participation. Potential selection bias resulting from non random retirement decisions also guide me in eliminating from the sample individuals aged above 50 5 .
Therefore, I end up with 31 age cohorts for each level of education 6 . I exclude individuals still at school and those who report having changed their educational attainment during the sample period. Furthermore, I restrict the age sample for those with tertiary education to individuals aged 25 to 50. Figure 2 shows the average size of age cohorts for the 11 European countries (EU11) considered in this study and for the years 1996 and 2001. In spite of the relatively short span of time, the figure shows the demographic shift away from the younger and toward the older age cohorts 7 .
5 I refer the reader to the discussion in Wright, 1999 , for more details. 6 In order to compute cohort size for the 31 age groups, I use data on individuals aged 18 to 52. These numbers are not immediately comparable to those in where z is a constant, w is gross real hourly earnings, deflated with the national price index, k is for the country, t and 2 t are a linear and a quadratic trend, AGE is individual age, which I normalize to vary between 0 and 30, as in Wright, 1999 8 , D is a vector of country dummies, and KM is the Katz and Murphy index of relative demand shocks 9 . The linear and quadratic trends, the interactions of the linear trend with age and with 8 AGE takes the value 0 for age 20, 1 for age 21 and 30 for age 50. 9 See Katz and Murphy, 1992 . The index measures relative changes in employment growth across industries. country dummies, and the Katz and Murphy index, which varies by country, time and education group, are included to proxy the shifts in average labor productivity, the efficiency parameters and the changes in the relative share of each education group, as in Card and Lemieux, 2001 . The country and time specific unemployment rate is included to capture the fact that, when the economy deviates from perfect competition, a positive unemployment rate might emerge 10 . In the above specification, the parameter of interest is β.
Cohort size in [9] varies by country, age and time, because I pool the data across countries and estimate separate regressions by education level. Since the time dimension is too short to offer significant variation, I rely on the variation of cohort size by age and country to identify its effects on earnings. Therefore, in the specification of equation [9] I include as controls both country by time and age by time effects, but exclude age by country effects. If I include the latter, the relevant variation of cohort size in the data would be swept away.
Grouped data require that I use weighted regressions to account for heteroskedasticity. Following Wright, 1999 , my weights are given by the number of individuals in each cell. Perhaps more importantly, a problem with equation [9] is that cohort size kjt CS might be endogenous with respect to earnings. This will be the case if the members of a particular cohort obtain more education than they would otherwise do in order to avoid negative crowding out effects on their earnings if their age cohort is very large.
The solution proposed by Wright, 1999 , is to replace education specific cohort size with the overall cohort size. The advantage of using the overall cohort size is that it is demographically determined, and therefore exogenous. Rather than following Wright, I use overall cohort size as instrument for education -specific cohort size. The correlation of these two variables is above 0.5 for both education groups, and the former qualifies as a valid instrument because of its exogeneity 11 . Table 3 reports the estimated effect of cohort size on earnings for two education groups, high school and college graduates. I first report ordinary least squares, and then compare these results with IV estimates, where I instrument education specific cohort size with overall cohort size. I find that the impact of cohort size on earnings is negative and statistically significant. In absolute value, the OLS estimates are smaller than the IV estimates in the case of college graduates. The table suggests that a 10 percent increase in cohort size should reduce the gross hourly earnings of high school graduates by 0.7 percent. The expected reduction for college graduates is much larger, at 1.7 percent 12 .
Results
The substantially higher elasticity of earnings to cohort size in the case of college graduates is in line with Stapleton and Young, 1988 , who argue that young workers are poorer substitutes for old workers in careers requiring college education than in careers requiring only high school 13 . This implies that a baby bust which reduces the size of the younger cohort is expected to increase relatively more the wage of the young and better educated, because they are less easily substitutable with older workers than high school graduates are. Table 3 . Estimated effect of cohort size on log earnings. Weighted regressions. All countries (EU-11). By education. OLS and IV.
11 The F-test for the inclusion of the log of overall cohort size in the first stage regression of log cohort size on all exogenous variables is always well above 10. Results are available from the author upon request. 12 These results are qualitatively robust to changes in the definition of cohort size which extends the number of adjacent ages to three and adapts the inverse V weights consequently (see Table A2 in the Appendix). They are also robust to changes in the definition of the sample, which excludes both part-timers and public sector employees (see Table A1 in the Appendix) 13 Notice however that the difference between the estimated coefficients (0.175 and 0.070) is not statistically significant, as the 5 percent confidence intervals partially overlap. Note: robust T-statistics in brackets, with p<0.05 = *, p<0.01 = **. All regressions include a constant, country dummies, and the interactions between country dummies and trend.
The elasticity of substitution across ages and within the same educational attainment need not be constant, but could vary across age groups. For instance, a young college graduate aged 30 could be more easily substituted with another college graduate aged 34 than an older college graduate aged 40 with respect to somebody who is 44. Since older workers have been exposed longer to the labor market and are more likely to have accumulated more firm or sector specific skills, their substitutability is likely to be lower. We investigate whether this is the case by adding to the regression [9] the interaction of log cohort size with the dummy OLD, equal to 1 if the individual belongs to the older age group (35 to 50) and to 0 otherwise.
The addition of an interaction requires that we use an additional instrument, which we identify with the interaction of the overall log cohort size with the dummy OLD.
The results for the two education groups are presented in the first and third column of Table 4 . For both groups, we find evidence that the impact of cohort size on wages is higher, in absolute value, among older workers, which confirms their lower substitutability with other workers within the same age group. 0 . 9 9 0 . 9 9 0 . 9 9 0 . 9 9
Note: see Table 3 I also expect that the degree of substitutability among workers of different age and the same education might vary across the countries of Europe, because these countries have important differences in their labor market institutions, which are known to affect labor market outcomes (see Layard and Nickell, 1999) . A natural hypothesis is that the relationship between earnings and cohort size differs significantly between
Northern and Southern Europe.
In order to verify this hypothesis, I first define the dummy SOUTH, which identifies the countries of Southern Europe, and interact this dummy with my measure of cohort size. The resulting estimates are presented in columns II and IV of Table 4 . It is quite clear from these estimates that the sensitivity of earnings to log cohort size is significantly stronger in Southern than in Northern Europe. In the latter group of countries, the estimated coefficient of log cohort size is either not statistically significant -which would not reject the hypothesis of perfect substitution across ages -or statistically significant but with a positive sign, which is clearly inconsistent with our theoretical setup.
How do I explain the uncovered difference? I posit that the degree of substitutability between workers with the same education is lower in regimes with stronger employment protection, for two reasons. First, the presence of significant employment protection is often considered as a key source of the insider-outsider mechanism (see Lindbeck and Snower, 1988) . Both ordinary least squares and IV estimates of the augmented model are presented in Table 5 . The evidence is broadly in favor of our hypothesis. First, the interaction between cohort size and employment protection always attracts a negative coefficient, as predicted by our hypothesis. Second, the interaction is always statistically significant. I conclude that the data offer support to the hypothesis that differences in employment protection affect the degree of substitutability of individuals with different age and similar educational attainment. Lower substitutability implies that in the countries belonging to the Olive Belt of Europe gross hourly earnings are more sensitive to changes in the demographics. Suppose that these countries are faced by the same demographic shock, which implies a reduction in the size of the younger age cohorts and an increase in the size of the older age cohorts. The effect of this shock is to flatten age -earnings profiles and reduce the impact of age seniority on pay. Our findings suggest that this effect is significantly larger in Southern Europe.
Conclusions
Will the ageing of the European labor force affect the distribution of earnings and favor the young at the expense of the old? Recent empirical literature argues that the answer of this question depends on the degree of substitutability of individuals of different age within each education group. The higher this substitutability, the lower the impact of changes in the distribution of the population by age on earnings: if older college graduates are perfect substitutes to young college graduates, a bust in the supply of the latter can be fully compensated by a boom in the supply of the former.
14 The assumption that the parameters in the CES sub-aggregates depends on regulation is not new. Blanchard and Giavazzi, 2003 , use a similar idea to model the effects of product market deregulation on wages and employment. 15 When evaluated at the sample average, EP is equal to 1.
Given demand, perfect substitutability eliminates the link between age -specific supply shifts and age -specific earnings. Note: see Table 3 . Greece excluded from this regression.
I have argued that substitutability may depend on age, as older workers have accumulated a higher stock of specific human capital, and on labor market institutions, which affect the working of the labor market. I have focused in particular on employment protection measures, which are the source of insider power and act as a key obstacle to the substitution of incumbents with new entrants.
My empirical evidence exploits the cross-country variation in cohort size across 11 European countries and can be summarized as follows: a) changes in cohort size negatively affect earnings, and this effect is larger among better educated individuals. This confirms the view that substituting an old college graduate with a young college graduate is likely to be more difficult than substituting high school graduates of different ages; b) a 10 percent increase in cohort size is expected to reduce the gross hourly earnings of high school graduates by 0.7 percent. The expected reduction for college graduates is much larger, at 1.7 percent; c) substitutability is more difficult within the group of older workers, aged 35 to 50, possibly because these workers have accumulated more firm and industry specific human capital; d) substitutability is smaller in Southern Europe, where employment protection is stronger. Lower substitutability implies that a common demographic shock which shifts the population from the young to the old flattens age -earnings profiles to a larger extent in the Olive Belt of Europe.
On the one hand, high employment protection in Southern Europe benefits older workers there by sheltering them from the risk of job losses. On the other hand, by reducing the degree of substitutability between the old and the young, it makes the earnings of the old more sensitive to the relative increase in the elderly population, to the relative advantage of the young. 
